Background: Jameed is a dried fermented milk food commonly used as a traditional dairy product in several Mediterranean countries including Jordan, Syria, Saudi Arabia, Iraq and Egypt.The aim of this work was to study the effect of blending whey protein paste (a byproduct in Ras cheese production) with jameed curd on the chemical composition and microbial properties of the produced jameed.
Introduction
Jameed can be defined as a solar dried fermented dairy product. It is made up of sheep or goat's milk and is used in traditional Bedouin cooking of the Mediterranean area including Jordan, Palestine, Syria and Iraq. For example, mansaf is a traditional Jordanian dish that is composed of rice and cooked Jameed [1] . Jameed is characterized by a long shelf life due its low water activity and pH and its low moisture and high salt content. Lactic acid and salt can reduce the growth of pathogenic microorganisms and so Jameed is generally considered as a safe product from the perspective of consumer health [2] . Consumer acceptance of Jameed is influenced mainly by its organoleptic properties that include texture, taste and color appearance [3] .
On the other hand, whey protein is a pure, natural, high-quality by-product of the cheese making. It is often characterized as the "Gold Standard" of protein as it is the most nutritious protein available. There are several dairy products which have been made with the inclusion of whey protein products. Isletenand Karagul-Yuceer made yoghurt from reconstituted skim milk powder supplemented with whey protein isolate, whereas Pinto, et al. utilized whey protein concentrate in preparing processed cheese spread. Ismail, et al. mixed whey protein with milk in low-fat Mozzarella manufacture. Ismail, et al. used whey protein in Feta cheese production [4] [5] [6] [7] . Recently in Egypt, salted whey resulted from Ras cheese making is used for production whey protein paste.
Jameed Manufacture
Nine treatments of jameed were made from sheep buttermilk and from goat and cow skim milk according to the method of Quasem, et al. [8] . Jameed manufacturing was illustrated by Figure 1 . After jameed kneading with 5% salt, jameed paste was re-kneaded with whey protein paste and shaped as a ball then dried in sun. Jameed samples were as follow:
• Treatment A: Jameed made from sheep buttermilk (control).
• Treatment B: Jameed made from goat skim milk.
• Treatment C: Jameed made from goat skim milk + 10% (of jameed curd weight) whey protein.
• Treatment D: Jameed made from goat skim milk + 15% (of jameed curd weight) whey protein.
• Treatment E: Jameed made from goat skim milk + 20% (of jameed curd weight) whey protein.
• Treatment F: Jameed made from cow skim milk.
• Treatment G: Jameed made from cow skim milk + 10% (of jameed curd weight) whey protein.
• Treatment H: Jameed made from cow skim milk + 15% (of jameed curd weight) whey protein.
• Treatment I: Jameed made from cow skim milk + 20% (of jameed curd weight) whey protein.
The dried jameed balls were packaged in polyethylene bags and stored at room temperature for 180 days. Samples were analyzed when fresh and after 15, 30, 60, 90, 120, 150 and 180 days of storage period.
Chemical Analysis
Total solids, fat, total nitrogen and ash contents of samples were determined according to AOAC [9] .Titratable acidity in terms of % lactic acid was measured by titrating 10g of sample mixed with 10ml of boiling distilled water against 0.1 N NaOH using a 0.5% phenolphthalein indicator to an end point of faint pink color. pH of the sample was measured at 17 to 20°C using a pH meter (Corning pH/ion analyzer 350, Corning, NY) after calibration with standard buffers (pH 4.0 and 7.0). Water Soluble Nitrogen (WSN) and Non-Protein-Nitrogen of jameed were estimated according to Ling [10] . The Volhard's method as described by Richardson was used to determine the salt content of jameed [11] .
Determination of Amino Acids Composition
Amino acid profile of fresh yogurt was performed following the protocol of Walsh and Brown [12] . Hydrochloric acid (6 M) was added to the sample vial for a final concentration of 5 mg of protein/mL of HCl. Hydrolysis vial was placed in an ultrasonic cleaner and flushed with nitrogen gas before sealing under vacuum. Sample was placed in a heating block for 4 hr at 145°C. Afterwards, sample was removed from the heating block and allowed to cool before filtration through 0.2 μm filter. Sample was dried with nitrogen gas and dissolved in a dilution buffer. The prepared sample was analyzed for amino acid profile by running through Automated Amino Acid Analyzer (Model: L-8500 A, Hitachi, Japan). Areas of amino acid standards were used to quantify each amino acid in representative sample.
Microbiological analysis
Jameed samples were analyzed for the total Viable Bacterial Count (TVBC), Lactic Acid Bacteria (LAB), coliform, proteolytic bacteria, moulds and yeast counts according to the methods described by the American Public Health Association [13] .
Statistical analysis
The obtained results were statistically analyzed using a software package based on analysis of variance [14] . One way Analysis Of Variance (ANOVA) was carried out with SPSS software (SPSS Inc., Chicago, Illinois, USA). When F-test was significant, least significant difference (LSD) was calculated according to Duncan for the comparison between means [15]. Significance was set at P <0.5. The data presented, in the tables, are the mean of 3 experiments.
Results and discussion

Chemical Composition of Milk and Whey Protein Used
In Jameed Manufacture
The physicochemical composition of milk and whey protein used in jameed making was cleared in table 1. Acidity value of sheep buttermilk was higher than goat or cow skim milk. On the contrary, Total Solids (TS) and Solids-Not-Fat (SNF) contents were higher in goat and cow skim milk than that of sheep buttermilk. Fat content of goat skim milk was the highest among milk samples. Sheep buttermilk was richer in protein than goat or cow skim milk.
Whey protein paste characterized with high acidity and low pH values which may be attributed to increasing whey acidity during Ras cheese manufacture. The fat content of whey protein paste was very low which attributed to skimming of Ras cheese whey. Conversely, protein content was high. The addition of salt through Ras cheese production caused rising of salt value in whey protein paste. On a general note, the chemical composition results of whey protein paste detected in our study located in the ranges cleared by Ismail, et al. [6] . Using whey protein in jameed made manufacture (treatments C, D, E, G, H and I) increased the acidity values as compared with control (treatments B and F). These results are confirmed with those reported by Tashakori, et al. who found that the control white Feta cheese sample had the lowest acidity and highest pH, and the sample with 1.5% whey protein concentrate had the highest acidity and lowest pH [16, 17] . Supavititpatana, et al. showed that the addition of whey protein isolates enhanced lactic acid production and counts of Streptococcus thermophilus and Lactobacillus bulgaricus.
During storage period, the acidity in different jameed treatments increased gradually (P<0.05), while pH values significantly decreased (P<0.05). Results in table 2 show fast increase in acidity during the first month of storage followed by slight and gradual increase during the rest of storage period. This might be due to fermentation of lactose to lactic acid.
The highest values of total solids and total protein were found in jameed samples made from sheep buttermilk followed by those made from cow skim milk. Goat skim milk jameed had the lowest total solids and total protein values table 2. Inversely, goat skim milk jameed had the highest fat concentrations while that made from cow skim milk possessed the lowest. Fat contents of sheep buttermilk jameed were at an intermediate position. Incorporation of whey protein paste with jameed paste increased total solids and total protein contents in the resultant jameed. In the opposite trend, jameed made from goat or cow skim milk and containing whey protein had slightly lower fat contents compared with control. These results are in line with those reported by Punidadas, et al. but contradicted with those found by Ismail [18, 19] . Punidadas, et al. showed that adding whey proteins improved the yield, but decreased the retention of fat. Homogenization of whey proteins improved fat retention and yield. The dry matter increase was due to increased SNF. Ismail stated that adding whey proteins paste to cow's milk slightly decreased TS and fat contents of Ras cheese [19] . This may due to the high water holding capacity of whey protein which may increase the moisture holding in cheese curd. However, the same author reported that mixing of whey proteins with cheese curd slightly increased TS and fat contents of cheese. This can be explained on the basis that the mechanical treatment of the curd during mixing with whey protein might increase the exudation of the aqueous phase during the cheese processing.
Regardless of milk type or whey protein adding, TS, fat and total protein contents of different jameed samples increased though storage period. The highest rates of increase were noted at the end of sun drying period (after 15 days). Jism stated that the chemical composition of jameed differs because of many factors, including milk production stage, milk sources, animal feeds and processing method [20] . From the viewpoint of quality, moisture content in jameed should not be more than 15% in order to reduce microbial spoilage and to stop any undesirable chemical and physical changes from taking place during storage.
Utilization of sheep buttermilk in jameed production increased ash and salt values levels as compared with those made from goat or cow skim milk table 3. Cow skim milk jameed possessed lower ash contents than jameed made from goat skim milk. The salt contents of goat and cow skim milk jameed were similar. Because whey protein added to jameed contained 7.11% salt, it was normal that the ash and salt values significantly increased in jameed made from goat or cow skim milk and whey protein mixtures.
As storage period progressed, total protein, ash and salt contents of jameed samples gradually increased which may be due to the continuous loss of the moisture occurring during storage.
Changes in Some Nitrogen Fractions of Jameed
The highest levels of Water Soluble Nitrogen (WSN) and Non-Protein-Nitrogen (NPN) were detected in sheep buttermilk jameed (sample A). Goat skim milk jameed had slightly higher WSN and NPN values than those measured in jameed made from cow skim milk table 3. Increasing total protein and proteolytic bacteria counts in sheep buttermilk jameed may be led to raise these contents.
Just as whey protein addition caused total nitrogen increasing of jameed, also caused increase of WSN and NPN values. The raising levels were more noticeable with NPN contents. These results might be interpreted on the basis of the very high content of NPN in whey protein paste. Generally, during the storage period, the WSN and NPN contents of jameed significantly increased. The increasing levels were higher in treatments contained whey protein than that of other treatments which may be not only related to high amount of nitrogen but also may be due to the stimulation effect of whey proteins on jameed microorganisms. In this sense, Fitzpatrick and O'Keeffe reported that supplementation of whey permeate by whey protein hydrolysate had a beneficial effect on lactose utilization and Lactobacillus helveticus growth during fermentation [21] . 
Changes in Amino Acids Contents of Jameed
Sheep buttermilk jameed possessed higher amounts of total, essential, nonessential and branched-chain amino acids as compared with that made from goat skim milk whereas cow skim milk jameed had the lowest table 4. This may be related to the high total protein, WSN and NPN contents of sheep buttermilk jameed. This is consistent with the previous study by Nateghi who showed that NPN values of reduced fat Cheddar cheese parallel increased with increasing of total and free amino acids [22] .
The sheep buttermilk jameed, however, was higher in aspartic, glutamic acid, proline, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine, and cysteine but lower in threonine, serine, glycine, alanine and arginine than those of goat skim milk jameed. The majority of amino acids values were higher in goat milk jameed than that made from cow skim milk except for methionine, tyrosine, phenylalanine, and histidine. In contrast, various samples of jameed contained similar values of essential amino acids to total amino acids (E/T).
On the other side, mixing whey protein past with jameed paste greatly increased the total, essential, nonessential and branched-chain amino acids contents. The highest increasing rates of essential amino acids were detected in leucine followed by threonine and valine whereas the lowest was in methionine and histidine. This special character of whey protein jameed increased the priority for human nutrition. The highest increasing levels of nonessential amino acid were in glutamic acid followed by aspartic and lysine while the highest increasing rate of branched-chain amino acids was in leucine content. Studies of and Ha and Zemel reported that whey protein structure is rich in Branched Chained Amino Acid (BCAA) such as leucine, valine, and isoleucine [23] . Whey proteins provide essential amino acids, have the potential to act as a vitamin A precursor and have shown important advantages in the treatment and prevention of diseases [24] [25] [26] .
In all tested jameed samples, the highest acid content of total free amino acids was that of glutamic acid, which is responsible for protection from cardiovascular diseases, followed by proline. On the contrary, methionine and cystine acids had the lowest contents of total amino acids. The major essential amino acid was leucine followed by valine and phenylalanine. Methionine content was the lowest. Glutamic and proline acids were the predominant of nonessential amino acids. Leucine was the abundant acid of branched-chain amino acids.
Human clinical studies and animal research have demonstrated the health properties of whey proteins, for instance, Chitapanarux, et al. cleared the effectiveness of supplementing whey protein products in the treatment and prevention of liver and metabolic diseases [27] .
The Changes in Microbial Counts of Jameed During Storage
It is quite apparent from the results reported in table 5 that the numbers of Total Viable Bacterial Counts (TVBC), lactic acid bacteria and proteolytic bacteria significantly (P˂ 0.05) increased in sheep buttermilk jameed (treatment A) comparing with goat and cow skim milk jameed (treatments B and F respectively). Cow skim milk jameed had the lowest counts of these bacteria among various samples.
On the other hand, incorporation 10, 15 or 20% whey protein paste with jameed increased TVBC, lactic acid bacteria and proteolytic bacteria numbers. This effect was clearer in goat skim milk jameed. As previously mentioned, this may be due to the stimulation influence of whey protein on microbes. This is in close agreement with the report of Ismail et, al. who reported that significantly (P< 0.001) increase were observed in TVBC, proteolytic and bifidobacteria of analogue Feta cheese as a result of addition whey protein. Akalin, et al. showed that viability of Streptococcus thermophilus, Lactobacillus delbrueckii ssp. bulgaricus and Bifidobacterium animalis in reduced-fat yoghurt supplemented with 1.5% of whey protein concentrate (WPC) was increased up to 1 log cfu/g after 1 week of storage compared with no supplementation with WPC [7, 28] .
During the storage period, the populations of TVBC, lactic acid bacteria and proteolytic bacteria in all jameed treatments significantly (P <0.001) decreased reaching its minimum at the end of storage period. This decrease could be evidently attributed to the increase in titratable acidity and salt levels which control the rate of bacterial growth, or acted as bactericidal agent [29] Concerning moulds and yeasts, they were detected at the ninetieth day of storage in all jameed treatments. Whey protein samples had the highest numbers of moulds and yeasts. Coliform bacteria were not detected over the storage period in various jameed treatments. These findings confirm the hygienic conditions of the manufacture.
Economic Study
The simple economic analysis for utilization of whey protein in jameed manufacture as shown in table 6. The costs of the ingredients used in goat skim milk jameed production without whey protein adding were 366.5 Egyptian L.E. These costs reduced to be 335.75 and 320.4 L.E by adding 10 and 15% whey protein respectively. With equal processing costs in all treatments, the profit of jameed increased by 4.60 and 7.36% for 10 and 15% whey protein samples respectively. Cow skim milk jameed scored higher profit ratios than goat skim milk one. Incorporation of 10 and 15% whey protein paste with cow skim milk jameed curd increased the gains by 5.46 and 8.19% respectively. 
Conclusion
Traditionally, jameed is made from sheep butter milk. The results of this study proved that jameed can be made with good quality from goat or cow skim milk. Adding 10 and 15% whey protein highly improved the chemical composition of jameed. Blending whey protein paste with jameed past increased the total, essential, nonessential and branched-chain amino acids contents. On the other hand, mixing of 10 and 15% whey protein paste with jameed curd increased the gains.
